The objective of this study was to assess the effect of ovine follicular fluid (FF) 
Introduction
In sheep, the number of ovulatory follicles and, hence, the ovulation rate, is rigorously controlled, with most breeds having a characteristic ovulation rate between one and three (Scaramuzzi et al, 1993) . The use of real-time ultrasonography to study the pattern of follicle development in sheep throughout the oestrous cycle has revealed that large ovulatory sized, or dominant, follicle development occurs throughout the luteal phase as a series of 4-6 day periodic waves, with the number of follicles per wave being similar to the ovulation rate of that breed (Ginther et al, 1995; Souza et al, 1997a) . Furthermore, these studies have shown that ovulatory follicles can be either derived from the large follicles present in the ovary at the time of luteal regression or recruited from the small antral follicle pool during the first 12-24 h of the follicular phase depending on the stage of the follicular wave at the time of luteolysis (Souza et al, 1997b) . However, understanding of the mechanisms that control these cycles of follicular recruitment, selection and dominance are incomplete.
It has been hypothesized that fluctuations in peripheral FSH concentrations, in response to variations in the degree of negative feedback provided by oestradiol and inhibin secretion, represent the mechanism of follicular recruitment and dominance (Baird, 1983) and much data have been accumulated to support this hypothesis. In both cattle (Adams et al, 1992; Gong et al, 1993) and sheep (Ginther et al, 1995; Souza et al, 1997&) , there (Picton et al, 1990; Gong et al, 1996; Campbell et al, 1998) , that dominant follicles are critically dependent on FSH support (Campbell et al, 1999) and that dominant follicles can transfer their gonadotrophic requirement from FSH to LH if it is delivered in low amplitude, high frequency pulses (Campbell et al, 1999) .
While evidence for the FSH-threshold hypothesis of follicular dominance is compelling, an alternative hypothesis proposes that a dominant follicle actively secretes a factor or factors that directly suppress the development of subordinate follicles. Treating ewes with steroid-free follicular fluid late in the follicular phase, for more than 24 h after the induction of luteolysis, results in a delay in the onset of oestrus (McNeilly, 1984 (McNeilly, ,1985 Henderson et al, 1986 Henderson et al, ,1988 . Further studies into this phenomenon in ewes with an ovarian autotransplant showed that follicular fluid treatment was associated with a rapid decrease in ovarian hormone secretion (Baird et al, 1990; Campbell et al, 1991a ) that results from acute induction of atresia of the ovulatory follicles (Campbell et al, 1991a (Leversha et al, 1987) , these inhibitory effects of follicular fluid can be satisfactorily explained by the FSH-threshold hypothesis.
More compelling evidence for the dominant factor hypothesis comes from the demonstration that inhibin-free follicular fluid can delay oestrus (Law et al, 1992; Baxter et al, 1995) , suppress ovarian steroid secretion (Campbell et al, 1991a) and induce follicular atresia (Campbell et al, 1991a; Law et al, 1992) (Campbell et al, 1996a) and that fractions of follicular fluid can inhibit FSH-dependent differentiation of granulosa cells in vitro (Baxter et al, 1995 Experimental design A summary of the experimental design is provided (Fig. 1) . All animals received a second injection of cloprostenol MO) , incubated overnight at 50°C, and then processed for in situ hybridization as described by Harkness and Baird (1997) .
Preparation offollicularfluid and FSH
Collection and preparation of the ovine follicular fluid used in these experiments have been described by Baird et al. (1990) . Briefly, follicular fluid collected from abattoir-derived ovaries was charcoal-stripped and passed through a C18 Sep-Pak cartridge to remove steroids, filter-sterilized and frozen until use. The follicular fluid contained 3235 pg inhibin ml"1 (pl-26a) and had a bioactivity of 8076 U ml-1 (Tsonis et al, 1986 
Results

FSH and LH concentrations in peripheral blood
Before treatment with follicular fluid, there were no intergroup differences in plasma FSH concentrations in the 6 h samples (data not shown) or in samples collected over the initial period of intensive blood sampling, from 12-18 h after cloprostenol injection (Fig. 2) (Fig. 4) . In contrast, P45017a was expressed in the thecal cells of all follicles (Fig. 4) , although the expression was greater (P < 0.01) in large than in small follicles (4.8 ± 0.6 versus 2.8 ± 0.3 log grains cm"3, respectively). Neither follicular fluid nor follicular fluid plus FSH treatment had any effect on the expression of P45017(I in large (Fig. 4) or small follicles (data not shown).
Inhibin-activin , ßA and ßB subunits were expressed exclusively in the granulosa cells (Fig. 5) . Expression of inhibin was greater in large than in small follicles (5.5 ± 0.7 versus 3.4 ± 0.3 log grains cm"3; < 0.01) but was unaffected by follicular fluid and follicular fluid plus FSH treatment (Fig. 4) . Similarly, expression of inhibin ßA was greater in large than in small follicles (5.4 ± 0.5 versus 0.6 ± 0.2 log grains cm3; < 0.001) and was unaffected by follicular fluid and follicular fluid plus FSH treatment (Fig. 4) .
Inhibin-activin ß subunit expression was also confined mainly to large follicles (large versus small: 1.3 ±0.4 versus 0.3 ± 0.2 log grains cm"3; < 0.05) but was decreased (P < 0.05) by treatment with follicular fluid, and this effect was reversed by treatment with follicular fluid plus FSH (Fig. 5) .
LH receptor was expressed in the thecal cells of all follicles, with follicular size having no effect on the amount of expression (6.2 ±1.0 versus 4.4 ±0.5 log grains cm"3 in large and small follicles from controls, respectively). In both large ( Fig. 5; The follicular fluid-induced decrease in mRNA expression was not associated with morphological evidence of atresia (sloughing or thinning of granulosa layer and pyknotic nuclei), and none of the large follicles in the sheep treated with follicular fluid appeared to be atretic.
Discussion
The results of the present study confirm previous reports (Henderson et al, 1986) . Furthermore, by using animals with ovarian autotransplants, treatment with ovine follicular fluid has been shown to acutely inhibit ovarian immunoreactive inhibin secretion (Baird et al, 1990;  Campbell et al, 1991a). One of the major strengths of the design used in the present study is its ability to differentiate between direct and FSH-dependent actions of follicular fluid and to identify the mechanism of action at a molecular level.
For instance, one of the most puzzling aspects of our previous studies was the ability of follicular fluid to suppress ovarian androgen secretion acutely (Baird et al, 1990; Campbell et al, 1991a) (Baird et al, 1976) it is likely that follicular fluid inhibits progesterone secretion via the same mechanism.
However, the fact that FSH treatment is able to affect LH receptor expression on thecal cells, which are devoid of FSH receptors (Carson et al, 1979; McNatty et al, 1986 , Eckery et al, 1996 supports the notion that granulosa cell-derived paracrine factors can modulate thecal function (Smyth et al, 1993 ).
Owing to the interference of the inhibin contained within the follicular fluid that was injected, in this particular study (c,i,o) ßA inhibin, (d,j,p) (Campbell et al, 1996b) showing that inhibin secretion in sheep is FSH responsive.
The ability of a follicle to secrete oestradiol is one of the key determinants of follicular health (Baird and McNeilly, 1981) (Campbell et al, 1991a (Campbell et al, , 1996a (Campbell et al, 1996a) and granulosa cell inhibitory factor (Hynes et al, 1996) . Whether these factors play a role in the selection of the dominant follicle requires further experimentation.
While the results of the present experiment show clearly that FSH was not able to reverse fully the effects of follicular fluid, previous studies from our laboratory have shown that larger doses of FSH can prevent the follicular fluid-induced delay in the onset of oestrus in normal ewes (McNeilly 1985) , and that follicular fluid is unable to prevent FSH stimulating follicle development in GnRH-agonist-suppressed ewes (McNeilly et al, 1991 
